The biosynthetic origin of the carbon atoms in the chromophores of chrysomycins A and B was investigated in feeding experiments using 13C labeled acetates and propionate.
In addition to the proposal of TAKAHASHI and ToMITA13 ), there are two reasonable biochemical routes to explain the origin of the methyl side chain. Since each group of antibiotics in this family (i.e. chrysomycin, gilvocarcin and ravidomycin) contain a vinyl component, the methyl analog could arise through degradation of the initially formed two-carbon side chain. Alternatively, an acetate-initiated decaketide chain homologous with that proposed for ravidomycin14), would, after condensation and rearrangement, produce the methyl substituent directly. These alternatives were explored in a series of experiments in which labeled acetate or propionate was fed to shake flask cultures of the producing organism.
Results and Discussion
Early fermentations for production of chrysomycin were done utilizing two strains of Streptomyces flaveolus, NRRL B1687 and NRRL B574. Detection of activity was by a prophage induction assay (BIA)11). Fermentation of these cultures showed minimal activity, and difficulty was encountered in repeating any of the positive results. Actually, within a few weeks no BIA activity whatsoever was detectable under any of the several fermentation conditions investigated. S. flaveolus (NRRL B574) was then plated, and an isolate (NS135) was found which again elicited slight activity in the BIA assay. Further fermentation studies with this isolate, however, failed to produce improved yields, and quantitation via HPLC indicated yields of <1 jig/ml.
Fortunately, at about this time it was discovered that the Lederle Culture Collection was in possession of a lyophile of the original Streptomyces species reported by STRSLITZ et al.1) as the chrysomycin e nc denotes a signal without significant coupling. f Signals were unresolved in CDCl3 , however, no incorporation was observed.
g Half of the doublet is obscured by the resonance at 114.2.
producer. This culture, Lederle Number LL-AD0819, was used in all the studies here reported. The first fermentation with culture LL-AD0819 produced readily detectable activity (BIA), and a subsequent run gave a yield of 3 ug/ml as determined by HPLC. In an effort to improve yields to a workable level for isolation and NMR analysis, culture LL-AD0819 was plated and a number of single colonies were isolated. An isolate designated NS44 was eventually selected as suitable for the biosynthetic experiments.
This isolate, when grown in fermentation medium F3, produced approximately equal titers of chrysomycins A and B, permitting direct comparison of incorporation data for these compounds in the same fermentation.
The results of the feeding experiments are presented in Table 1 The coupled pairs indicated in Table I Experimental Fermentation Conducted as follows: culture LL-AD0819-NS44 grown on a slant of medium ST (2% Gerber baby oatmeal, 2 % glycerol, 2 % agar, pH 6.8 prior to sterilization) was inoculated into medium S (3 % glucose, 0.5 % yeast extract, 0.5% N-Z Amine A, 0.1 % CaCO3, pH 6.8 prior to sterilization), 100 ml in a 500-ml Erlenmeyer flask and incubated on a rotary shaker (200 rpm) at 28°C for 72 hours. The vegetative growth obtained was then used to inoculate a second flask of the same medium and was incubated for 48 hours (two-stage seed). The latter was then used as inoculum for the fermentation media. The composition of the fermentation media proved to be an important factor in determining the ratio of chrysomycins A and B produced ( Table 2) .
Medium F3 was selected for this biosynthetic study as it provided essentially equal amounts of chrysomycins A and B. The incorporation of labeled precursors was done by employing I liter volumes of medium F3 (10 flasks, 100 ml/flask), inoculated as previously described. After incubation for 48 hours, 50 mg of the labeled precursor was added to each flask; after an additional 24-hour incubation, flasks were supplemented with an additional 50 mg of their respective labeled precursors, and the fermentation was continued for a total period of 6 days.
Labeled Precursors
The acetates and propionate used in these experiments were 99 13C enriched at the positions indicated and were obtained from Cambridge Isotope Labs.
HPLC Assay
The titers of chrysomycins A and B were determined using reverse phase HPLC with detection by ultraviolet absorbance at 254 nm. A 5 pC18 column (Altex) was used with a mobile phase consisting of acetonitrile -0.1 M ammonium acetate buffer (pH 5.0),(35: 65) at 2.0 ml/minute. Titers were estimated by comparison of peak heights with standards. The retention volume for the B component is 22 ml; 24 ml for the A component. Samples were prepared by sonicating a mixture of 5 ml whole broth with I ml Me2CO for 5 minutes, followed by extraction into EtOAc (4 ml). This extract was used for the HPLC analysis. a pHs of all media adjusted to 6.8 prior to sterilization.
Isolation and Separation of Chrysomycins A and B One liter of fermentation mash was mixed with Celite 545 (50 g) and filtered. The cake was extracted with Me2CO (2 x 500 ml) in a Waring blender, and the combined extracts were concentrated in vacuo at 35°C to remove the bulk of the Me2CO. The resulting aq concentrate was extracted (2 x 250 ml) with EtOAc. The extract was evaporated in vacuo at 35°C to a residue, redissolved in 2 ml of THE -MeOH (1: 1) and filtered through a 0.45 hem filter prior to chromatography.
The chromatographic separation was accomplished using a C8 reverse phase column (2.2 x 50 cm, Whatman) developed with acetonitrile -0.1 M ammonium acetate buffer (pH 4.8), (37.5: 62.5) at 9.9 ml/ minute. Detection was by absorbance at 405 nm. Chrysomycin B eluted between 57 -70 minutes, chrysomycin A between 77~ 90 minutes. The antibiotics were extracted from the mobile phase with CH2Cl2.
13C NMR
Spectra were recorded on a Nicolet NP-300 WB at 75.5 MHz. Intensities were normalized to that of the signal at 72 ppm which is assigned to C-5'. Assignments were adapted from ref 9.
